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MODEL 902 

20 CHANNEL MULTIPLEXER 



902 - SOLID STATE 
-20 CHANNEL 
-HIGH SPEED 
- MULTIPLEXER 


For precise, high speed multiplexing 
of 20 channels (or more) of analog 
data, the Model 902 offers every con¬ 
venience and useful feature. This 
unit utilizes the precision switching 
performance of the MX-260 Multiplex 
Switch to attain its phenomenal in¬ 
put-output isolation and accuracy, 
and couples this capability with: 

• Bipolar Analog operation,±15 volts 

• Versatile frequency variability 

• Internal or external synchronization 

• Front-panel controlled channel skipping 

• Externally controlled channel skipping 

• Continuous or single-cycle operation 

• Step, Frame, and Clock sync outputs 

• Nixie channel number indicators 

Performance includes operation, syn¬ 
chronously, or asynchronously, to 
lOKc, with typical leakage current of 
.06 ua, offset of 100 uv, and series 
impedance of 36 ohms. 

Additional Model 902 units may be 
stacked to provide unlimited channel 
expansion. 

Designed from the start for systems 
use, the Model 902 uses H—K logic 
modules and Flexi-Cards* exclusive¬ 
ly and will therefore meet rigorous 
environmental requirements. 

Model 902: $3250 


902 MULTIPLEXER 






























20 CHANNEL MULTIPLEXER MODEL 902 


barman 


kardon 


SPECIFICATIONS 


SIGNAL SPECIFICATIONS 


Number of channels 
Maximum Analog voltage 
Maximum load current 
Stepping rate 
Skip speed 

Normal switching speed 
Effect ive series impedance 
Offset voltage 
Leakage current 
Maximum noise 
Shunt capacitance 
Shunt output capacitance 


20 

±15 volts* 

1 ma 

Variable 1 cps — lOKc 
4 [is per channel 
20 [is 

36 ohms max 

100 [JL v max 

.06 [la max (25°C)** 

100 [iv rms 

50 pf (unselected channel) 
100 pf max 


Maximum voltage between adjacent channels should 
not exceed 15 volts. 

** This is maximum leakage current, worst conditions. 
The effect of this current must be added to offset 
voltage to determine offset error. This leakage current 
wi 11 be proportionately less, for low level input signals. 


INPUT POWER 

115 vac, 60 cps, 1 a. 


FRONT PANEL CONTROLS 

Frequency Selector Switch 
Internal/External Clock Selector 
Single Cycle/Continuous Selector 
Manual Reset 
Manual Stop 
Manual Start 
Manual Single Step 
Channel Skip (20) 

Power ON/OFF 


ENVIRONMENTAL 

Temperature, Operating —30°C to + 71°C 

Temperature, Storage — 62°C to + 85°C 

Mounting Any position 

Designed to meet the general requirements of MIL-E-5272C 

MECHANICAL 

5 1/4” x 19” x 14 1/2” 
Harman-Kardon Blue 
22 lbs. 

Plug-in Harman-Kardon FI ex i-Cards* 
Standard RETMA 


Size 
Col or 
Weight 

Internal Construction 
Mounting Dimensions 


SYSTEMS CONNECTORS 

J101 J102 J103 



AMPHENOL 57- 

-40240 




AMPHENOL 57-40500 



AMPHENOL 57-40360 



(Mates With 57- 

30240) 




(Mates With 57-30500) 



(Mates With 57-30360) 


PIN 

FUNCTION 



PIN 


FUNCTION 


PIN 

FUNCTION 


1 

External Start 


Input 

1 

Sk i p 

Channel 

0 

Input 

1 

Data Input Channel 

1 

2 

External Stop 


Input 

2 

Sk i p 

Channel 

1 

Input 

2 

Data Input Channel 

2 

3 

External Advance 


Input 

3 

Sk i p 

Channel 

2 

Input 

3 

Data Input Channel 

3 

4 

Step Sync 


Output 

4 

Sk i p 

Channel 

3 

Input 

4 

Data Input Channel 

4 

5 

External Reset 


Input 

5 

Sk i p 

Channel 

4 

Input 

5 

Data Input Channel 

5 

6 

Gated Clock Sync 


Output 

6 

Skip 

Channel 

5 

Input 

6 

Data Input Channel 

6 

7 

Internal Clock 


Output 

7 

Skip 

Channel 

6 

Input 

7 

Data Input Channel 

7 

8 

External Clock, 1 

Volt 

1 nput 

8 

Ski p 

Channel 

7 

Input 

8 

Data Input Channel 

8 

9 

Frame Sync (19) 


Output 

9 

Skip 

Channel 

8 

Input 

9 

Data Input Channel 

9 

10 

Frame Sync (00) 


Output 

10 

Ski p 

Channel 

9 

Input 

10 

Data Input Channel 

10 

11 

BCD Channel No. 

( 1) 

Output 

11 

Skip 

Channel 

10 

Input 

11 

Data Input Channel 

11 

12 

BCD Channel No. 

( 2) 

Output 

12 

Sk i p 

Channel 

11 

Input 

12 

Data Input Channel 

12 

13 

BCD Channel No. 

( 4) 

Output 

13 

Skip 

Channe1 

12 

Input 

13 

Data Input Channel 

13 

14 

BCD Channel No. 

( 8) 

Output 

14 

Sk i p 

Channel 

13 

Input 

14 

Data Input Channel 

14 

15 

BCD Channel No. 

(10) 

0 utput 

15 

Skip 

Channel 

14 

Input 

15 

Data Input Channel 

15 

16 

Ground 



16 

Sk i p 

Channel 

15 

Input 

16 

Data Input Channel 

16 

17 

-1-12 VDC 


Output 

17 

Skip 

Channel 

16 

Input 

17 

Data Input Channel 

17 

18 

-12 VDC 


Output 

18 

Skip 

Channel 

17 

Input 

18 

Data Input Channel 

18 

19 

+ 170 VDC 


Output 

19 

Sk i p 

Channel 

18 

Input 

19 

Data Input Channel 

19 





20 

Skip 

Channel 

19 

Input 

20 

Data Input Channel 

0 





21 

Ground 



21 

Multiplex Output 






22 

Sk i p 

Switch C 

ommon ( 0 to 9) 


22 

Shield Bus 






23 

Ski p 

Switch C 

ommon (10 to 19) 


23 

+ 12 VDC Output 






24 

-12 VDC 


Output 

24 

— 12 VDC Output 






25 

+ 12 VDC 


Output 

25 

Ground 



BLOCK DIAGRAM 



Mx 


Output 
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MX-260 

MULTIPLEX SWITCH 


APPLICATIONS 


MULTIPLEXERS 

HIGH SPEED SWITCHING 

VOLTAGE COMPARATOR 

CHOPPERS- 

STABLE AMPLIFIERS 

D.C. AMPLIFIERS 

SAMPLE AND HOLD 

REFERENCE VOLTAGE 
POLARITY REVERSER 

ANALOG COMPUTERS 

DIGITAL METERS 

LOW LEVEL SWITCHING 



EQUIVALENT CIRCUIT 


-12 VOLTS 



OUTPUT 


The Multiplex Switch MX-260 fills 
the long-standing need for a versa¬ 
tile, high speed, solid state analog 
switch, combined with reliability, 
ultra-precision and low cost. A 
switching speed from D.C. to 10,000 
cps is offered, with complete isola- , 
tion between drive and switching 
circuits. No drive transformer or ex¬ 
ternal circuitry is required to connect 
or disconnect a load from the signal , 
source. 

$ 

The MX-260 module is completely 
compatible, both electrically and 
mechanically, with all of the Harman- 
Kardon standard 200 Series Digital 
Logic Modules. This offers the nec¬ 
essary flexibility when incorporating 
the MX-260 into your system require¬ 
ments. 

£ 

Eight MX-260 Multiplex Switches 
can be mounted on one Flexi-Card®, 
C-1070, for high density packaging; 
or if desired, arrangement of this 
module on Flexi-Cards® with other 
digital locjlc can be planned so that 
each Flexi-Card® represents a log¬ 
ical system building block. Both the 
MX-260 Multiplex Switch and Flexi- 
Card® C-1070 are available for im¬ 
mediate delivery. 


MX-260 MULTIPLEX SWITCH 




































MULTIPLEX SWITCH MX-260 SPECIFICATIONS 


harman 
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ELECTRICAL 


ISOLATION, SIGNAL TO CONTACT 


Input (Signal) Characteristics 
Amplitude (Pin 9) 

Signal (Generator) Impedance 

Input Impedance 

Switching Speed (Square Wave) 


-6v to -12v 
5K max. 

9K nom. 

DC to 10KC 


(The Input Pin 9 may also be shunted to Pin 7, 
in which case the power supply may be turned on 
and off to control this unit. The normal power 
drain will be increased by 0.7ma when the unit 
is on.) 


Output (Contact) Characteristics 
Load Impedance 
Voltage Across Open Contact 
Current Through Closed Contact 
Contact Resistance (Closed) 
Offset, Over Full Temperature 
Range 

Output Noise, Excluding 
Transients Measured on 
200KC Bandwidth 
Rise Time + Delay Time 
Storage Time + Fall Time 
Measured at lma 
Leakage (Switch Open) 25°C 
Leakage (Switch Open) 71°C 
with 0.5 to lOv Across Contact 


10K min. 

±15v max. 

±1.5ma max, 

36 ohms max. 
±100uv max. 

70uv RMS max. 


5 usee max. 
20 usee max. 

.003ua max. 
.06'ua max. 


Resistance 

Capacity 

POWER SUPPLY 

Voltage 

Current (On Only) 


1 OK megohms min. 
5 pf max. 


-12v 2V 
6ma nom. 


ENVIRONMENTAL 

Temperature, Operating 

Temperature, Storage 

Vibration 

Mounting 

Life (EMTF) 

Designed to meet the 

MIL-E-5272C 


-30°C to +71 °C 
-62°C to +85°C 

±20g’s 20 to 2,000 cps 
Any Position 
100,000 hours 
general requirements of 


<s> 

MECHANICAL 


Size 

Color 

Weight 

Outline and Basing 


1.2”x0.8”x0.5”(0.5cu.in.) 

Green 

0.5 oz. 

(See Illustration Below) 


FULLY COMPATIBLE WITH 100,200 AND 400 SERIES LOGIC LEVELS. 

OUTLINE AND BASING 



LEADS ARE 
.025" DIA. 
TINNED, 
ON 0.2" 
GRID 





0.5"-*| 
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AUTHOR studies the characteristics 
of his solid-state digital voltmeter 



Develops High D-C Input Impedance 


Classical ramp technique is modified for use in a solid-state voltmeter. The result is 
reduced cost and simplified operation—no input d-c amplifier is needed in most cases 


By RICHARD C. WEINBERG 

Data Systems Division 

Harmon-Kardon, Inc. 

Plainview, New York 

IN THE DESIGN of a digital volt¬ 
meter, if the functions of ramp gen¬ 
erator, comparator and flip flop are 
combined into one circuit designed 
to have a high d-c input impedance 
—the result has none of the dis¬ 
advantages normally associated with 
digital voltmeters. Mainly, the com¬ 
bination is less expensive and sim¬ 
pler. 

Present-day digital voltmeters 
operate by comparing an internally 
generated analog voltage with the 
input voltage. The major difference 
between the various units is the 
method of generating the internal 
comparison voltage. Most units to¬ 
day use a multistep voltage divider 
operating from a stable standard 


fixed voltage and controlled by some 
form of stepping switch. Although 
the stepping technique is good for 
accuracies better than 0.01 percent, 
the stepping switches, precision re¬ 
sistors, and precise voltage standard 
comprise the major portion of the 
cost of a fully solid-state unit using 
this method. 

Lesser used techniques are the 
ramp type and the servo type. Both 
of these approaches are suitable for 
accuracies of 0.1 percent. The servo 
technique involves a motor driven 
self-balancing potentiometer seeking 
to null the input against a divided 
reference. The motor position is 
mechanically coupled to rotating 
wheels with painted numbers (like 
an automobile odometer) for a digi¬ 
tal display. 

The ramp technique uses an elec¬ 
tronically generated linear sweep 
voltage which moves through uni¬ 
form, calibrated increments of volt¬ 


age during each cycle of a precise 
clock frequency that is usually crys¬ 
tal-controlled. A comparator circuit 
picks the points in time when the 
ramp crosses zero volts and crosses 
the unknown voltage, thereby con¬ 
verting voltage to a time interval 
which is counted as cycles of the 
clock. 

Classical Approach — The ramp- 
type voltmeter has the configuration 
shown in Fig. 1. The input signal 
is processed by an attenuator and 
amplifier to a uniform full-scale 
voltage value. The attenuated input 
is then compared with a precise 
linear ramp voltage. At the instant 
of equality, a pulse is generated, set¬ 
ting the unknown flip flop. Since 
the starting point and the initial 
transient on the ramp are not well 
known, it is difficult to establish a 
known voltage point on the ramp. 
Therefore, the zero comparator is 
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used to produce a pulse as the ramp 
goes through zero volts (or some 
other reference voltage). The time 
between the comparison pulses of 
the two comparators is proportional 
to the absolute value of the differ¬ 
ence between the unknown voltage 
and the zero reference voltage. In 


addition, detecting which of the 
two flip flops was the first to produce 
a pulse will give the sign of the 
unknown voltage compared to the 
zero reference voltage, since the di¬ 
rection of the ramp slope is known. 

While this system is known to 
work well, it has several drawbacks. 



CLASSICAL ramp-type digital voltmeter involves complicated circuits and 
high cost—Fig. 1 



FUNCTIONS of ramp generator, comparator and flip-flop are combined in 
one circuit (dashed lines) having a high d-c input impedance—Fig. 2 


26 K 



effects of variation of offset voltage and leakage current—Fig. 3 


First, commonly used differential 
comparators cannot drive the logic 
directly but their outputs must go 
through amplifying and flip flop 
stages. Second, (and more impor¬ 
tant) the comparator itself must 
present a low impedance to the in¬ 
put signal for a substantial fraction 
of the time, so that input d-c am¬ 
plification is essential for isolation. 

In the combined approach (figure 
2) the ramp generator has to be 
duplicated. Still, the resultant unit 
is much simpler, and loads the atten¬ 
uator with gig-ohm effective impe¬ 
dance levels without an input ampli¬ 
fier. Functions within the dotted 
lines are accomplished by the new 
comparator section. An input d-c 
amplifier is used only in those units 
required to have a more sensitive 
scale than the basic 10 volt full scale. 
Fig. 2 shows the block diagram. 

Circuit Details —The circuit chosen 
for use in the comparator section is 
shown in Fig. 3. The two pnp tran¬ 
sistors, Q x and Q >, are arranged as 
a monostable multivibrator. In the 
stable state <2i is on and Q 2 is off. 
When a trigger pulse is received 
the circuit changes to its quasi¬ 
stable state. The constant current 
regulated by and Q 4 is diverted 
to charge C\, which charges linearly, 
producing a ramp of high accuracy. 
The charging time constant, to a 
close approximation, is C 1 /h oM 
(where h oM is the grounded-base 
output admittance of Q 4 ) and can 
easily be made several thousand 
times the duration of a compari¬ 
son cycle. The charging current 
passing through R r produces enough 
voltage to keep Q 2 turned on. 
As the ramp voltage passes and 
begins to exceed the input volt¬ 
age, some of the charging cur- 
nent is diverted through diode 
D 4 to charge capacitor C 2 . This 
reduces the voltage across R u turn¬ 
ing off Q 2 , and causing the circuit 
to return to its stable state. Tran¬ 
sistor < 2.5 isolates the monostable 
section from the logic, and restores 
ground level. The time the circuit 
is in the quasi-stable state is pro¬ 
portional to the difference between 
the positive voltage at the emitters 
of Q 4 and Q 2 and the unknown volt¬ 
age across C 2 . However, drift of 
the positive voltage (and that of 
other circuit variables) is cancelled 
from the reading of the instrument 
by the use of another, identical cir- 
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cuit as the zero-comparator. 

The extremely high input im¬ 
pedance of the comparator circuit 
results from operating D x normally 
cut off. Diode D x conducts for only 
the few microseconds that it takes 
to reduce the base current of Q 2 
sufficiently for regeneration to start. 
With the total regulated current set 
at about 250 microamperes, the 
peak of the current pulse through 
is some tens of microamperes, 
lasting long enough to deliver some 
200 picocoulombs into C 2 . The 
average value of the input pulsed 
current is in the order of 10‘ 9 am¬ 
pere when sampling at its fastest 
rate of 200 milliseconds. The leak¬ 
age current of the diode is of this 
order of magnitude in the opposite 
direction and ordinarily dominates 
the input current. 

Note that this high impedance is 
to d-c only. Impedance for a-c in¬ 
put is essentially equal to R 2 be¬ 
cause of the necessity of making C 2 
a larger value than C\. The value of 
C 2 also limits the choice of attenu¬ 
ator source resistance at d-c due to 
time-constant requirements in 
charging C 2 . 

Results —Waveforms produced by 
the circuit are shown in Fig. 4 and 
Fig. 6. The ramps start simultane¬ 
ously but end at different times. 
When the unknown voltage is posi¬ 
tive the input comparator ramp ends 
before the zero-comparator ramp; 
when the unknown voltage is nega¬ 
tive the input comparator ramp 
terminates later than the zero com¬ 
parator ramp. A voltage step equal 
to the base drop of Q 2 (which is 
the same as the drop across R x ) 
precedes the linear portion of the 
ramp. 

The logic is an exclusive or gat¬ 
ing circuit that produces a ground- 
level logic signal only when the out¬ 
puts of the two comparators are in 
different states. The circuit, which 
includes transistors Q c > and Q 1 in 
Fig. 5, acts as a rectified differential 
amplifier. A logical ground signal 
on one input appears also at the 
output only if the other input is 
negative enough to saturate the tran¬ 
sistor in series with the grounded 
input. Use of this circuit eliminates 
the need for complementary inputs 
required by more conventional types 
of exclusive logic gates that suffer 
from the resulting differential delay 
and pulse leakage. Transistor Q 8 


in Fig. 5 gates the clock oscillator 
(which is continuously running) 
into the decade counters. Transistor 
Q 9 generates a blanking gate equal 
to the duration of the longer com¬ 
parator ramp. This blanking gate 
is used to inhibit display and record¬ 
ing of digits and signs during the 
count-up interval. 

A complete measurement, includ¬ 
ing sign determination, is made fol¬ 


lowing each trigger pulse within 2.5 
milliseconds. Measurements may 
be made at intervals of at least 
7 milliseconds to allow circuit re¬ 
covery. The internal trigger pulse 
generator is variable from 200 milli¬ 
seconds to 5 seconds between 
pulses. The writer acknowledges 
the aid of L. J. Torn, Vice Presi¬ 
dent, and R. I. Salzer, Chief Engi¬ 
neer. 


0.2 TO 3 SECONDS 
‘(RATE CONTROL)' 


nr 


f ^nr 


* -V = - 6 TO -12 V 
* * CLOCK FREQUENCY NOT TO SCALE! 


TRIGGER 


~IT 



+STATE 
-STATE 


SIGN FLIP-FLOP 


U 


WAVEFORMS WITH POSITIVE INPUT WAVEFORMS WITH NEGATIVE INPUT 

WAVEFORMS are produced by the comparator and logic circuits—Fig. 4 



LOGIC is an exclusive OR gating circuit that produces a ground level signal 
only when the output of the two comparators are in different states—Fig. 5 




WAVEFORMS result from positive input (left) and negative input (right). The 
scope traces show: top, the unknown comparator ramp; middle, zero com¬ 
parator ramp and bottom, the logic output or gated clock pulses. The scales 
are 5 v per vertical division and 5 ms per horizontal division—Fig. 6 
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SALES REPRESENTATIVES 


AREA 

REPRESENTATIVE 

Maine 

New Hampshire 
Vermont 

Massachusetts 

Rhode Island 
Connecticut 

Applied Measurements, Inc. 

P. 0. Box 306 
Concord, Massachusetts 
617 EM 9-2885 
200 Farmington Avenue 
Hartford, Connecticut 
203 522-0265 


KLM Associates, Inc. 


Upper New York State 9 Hollywood Drive 

Whitesboro, New York 
315 RE 6-2450 


H.A.F. Associates 

Metropolitan New York 144 East 86th Street 

Northern New Jersey New York 28, New York 

Long Island 212 RE 7-5850 


Eastern Pennsylvania 
Southern New Jersey 

Holdsworth and Co. 

P. 0. Box 71 
Lansdowne, Pa. 19050 
215 MA 6-8300 

Maryland 

Virginia 

Washington, D. C. 
Delaware 

Aeron Associates 

807 Providence Road 
Towson, Maryland 21204 
301 VA 3-6369 


Beacon Electronic Associates, Inc. 

P. 0. Box 1278 

Florida Maitland, Florida 



305 564-4298 

Western Pennsylvania 
West Virginia 

Ohio 

Southern Indiana 
Kentucky 

Micro Sales Corporation 

3300 South Dixie Drive 
Dayton 39, Ohio 
513 298-3033 
1925 Lee Road 
Cleveland, Ohio 
216 371-0522 

Michigan 

Robert Milsk Company 

19375 Couzens Highway 
Detroit, Michigan 48235 
313 BR 3-3652 

Minnesota 

North Dakota 

South Dakota 

Nebraska 

Western Iowa 

Northern Wisconsin 

The Heimann Company, Inc. 

1711 Hawthorne Avenue 
Minneapolis, Minnesota 55403 
612 332-5457 

Illinois 

Wisconsin 

Eastern Iowa 

Northern Indiana 

Lang, Claeson & Associates 

6733 N. Olmstead Avenue 
Chicago, Illinois 60631 
312 SP 4-3610 

New Mexico 

C. T. Carlberg & Assoc. 

P. 0. Box 3177, Station D 
Albuquerque, New Mexico 87110 
505 265-1579 

Wyoming 

Utah 

Colorado 

R. G. Bowen Co., Inc. 

721 South Broadway 
Denver, Colorado 80209 
303 RA 2-4641 

Texas 

Oklahoma 

Arkansas 

Louisiana 

Skyline Industries 

P. 0. Box 6010 
Fort Worth, Texas 
817 WA 7-5337 

Washington 

Oregon 

Idaho 

Rush S. Drake Associates, Inc. 

6133 Maynard Avenue South 
Seattle, Washington 98108 
206 PA 5-2700 

California 

Arizona 

Nevada 

Instruments For Measurements 

3455 Cahuenga Boulevard 
Hollywood, California 90028 
213 HO 9-7294 
251 South Murphy Avenue 
Sunnyvale, California 
408 RE 6-8680 

Canada 

Jerrold Electronics (Canada) Ltd. 

60 Wingold Avenue 
Toronto 19, Ontario 
416 RU 1-6174 
3333 Cavendish Boulevard 
Montreal, Quebec 
514 HU 9-8495 

Export 

Rocke International Corp. 

13 East 40th Street 
New York, New York 10016 
212 MU 9-0200 


Data Systems Division 


harman 


INCORPORATED 

55 AMES COURT 
PLAINVIEW, N. Y. 
TEL.: 516 OV 1-4000 



























